Basing on the branching fractions of J/ψ → V P from different experiments, we investigate on the properties of the coupling constants of J/ψ → V P decays with a model-dependent approach. We find that the octet coupling constant, g8, of strong interaction is about twice larger than that of the singlet coupling constant g1; the electromagnetic breaking parameters g i E are larger than the mass breaking parameters g i M , moreover, the three parameters of electromagnetic effect are about equal, but the three parameters of mass effect are obviously different and their uncertainties are also large; and the phase angle between strong and electromagnetic interaction is in the range of 70
I. INTRODUCTION
The J/ψ decays play an important role in the understanding of low-energy hadron dynamics. A particular advantage of these decays is that the initial state is a very good approximation of a flavor-SU (3) singlet. In order to estimate that SU (3) is an approximate symmetry of low-energy hadron interactions, we need study in detail of the information on the final-state particles of J/ψ decay.
The implication of SU (3) symmetry to J/ψ decays into mesons has been studied [1] . J/ψ can decay into a vector and a pseudoscalar induced by three-gluon annihilation and electromagnetic processes. However, these branching ratios are only of the order 10 −3 since the hadronic decays of J/ψ are suppressed by the Okubo-Zweig-Iizuka (OZI) rule [2] .
Based on the SU (3) symmetry, three quarks may make up an octet and one singlet. Because the mass of s quark is larger than those of u and d quarks and the mixing in the mesons exists, it will cause SU (3) breaking and further create a physical nonet. The octet and singlet are the eigenstates of SU (3) group, however, what we can obverse in experiment are not SU (3) eigenstates themselves, but their mixing. For example, for the pseudoscalar mesons, if pseudoscalar glueballs and radially excited states are ignored and only quark states are considered, then the physical states η and η ′ are related to * Electronic address: drjshuang@hotmail.com † Electronic address: sunjunfeng@htu.cn ‡ Electronic address: lugongru@sina.com § Electronic address: hbli@ihep.ac.cn η 8 and η 0 , via the usual mixing formulas
where θ P is the mixing angle between η 8 and η 0 . Similarly, for the vector mesons φ and ω, we have
where θ V is the mixing angle between ω 8 and ω 0 . For vector mesons, the mixing between ω 8 and ω 0 is basically an idea mixing, sinθ V = 1/3, cosθ V = 2/3, i. e. θ V ≈ 35.3
• , so in this case we have
However, for pseudoscalar mesons, it always brings people great interesting to discuss the mixing between η 8 and η 0 [3] - [10] . Combining the mixings in vector mesons and pseudoscalar mesons and considering the various mass effects and electromagnetic effects, in this paper we shall analyse the properties of the coupling constants of J/ψ → V P decay, which is very important to comprehend the breaking of SU (3) flavor symmetry.
II. PHENOMENOLOGICAL STUDY ON THE
DECAYS J/ψ → V P
A. Effective Lagrangian of J/ψ → V P For the two-body decays J/ψ → H 1 H 2 , where H 1 and H 2 denote mesons, the most general interaction term in
where O and S denote an octet and a singlet, respectively, and a sum over a = 1, 2, · · · , 8 is implied. The SU (3) symmetry in the nonet of pseudoscalar meson is not strict, two types of SU (3) breaking should be considered. The first one is induced by the different mass of quark, and the other one is the different charge of quark.
In our theoretical calculation, m u = m d is usually assumed, but m s = m d , this difference of mass will cause the breaking effect on SU (3) symmetry
where
is the average quark mass, and λ 8 is the eighth one of Gell-Mann matrices. The last term in Eq. (5) is the mass effects of violating SU (3) invariance. We need introduce a new spurion M a = δ a8 to describe this SU (3) breaking term. The electromagnetic effects violate SU (3) symmetry since the photon coupling to quarks is proportional to the electric charge 2 3ū
where λ 3 and λ 8 denote the third and eighth of GellMann matrices, respectively. It follows from Eq. (6) that the electromagnetic breaking can be simulated by a spurion E = δ a3 + mass breaking term and electromagnetic breaking term, respectively, f abc and d abc coefficients are the antisymmetrical and symmetrical structure constants of SU (3) group.
B. Decay amplitude and width of J/ψ → V P decays
The physical particles in correspondence with the pseudoscalar and vector mesons are
and
then we calculate in detail on the effective Lagrangian of J/ψ → V P decays
therefore we obtain the coupling constants and their corresponding strengths of J/ψ → P V decays given in Table  1 . It should be noted that our results are consistent with Ref. [2] , but we distinguish in detail the different parameters of mass effect and electromagnetic effect. The amplitude of J/ψ → V P decays is
where g ψV P is the coupling constant and its various expressions are tabulated in Table 1 , so we have
in which p is the momenta of vector meson in the c.m. frame, and can be denoted as
(24) The differential decay rate for J/ψ → V P can be written as
so we have the total decay width
III. NUMERICAL ANALYSIS AND DISCUSSIONS
In Table 1 , we give out the free parameters involved in the decays J/ψ → P V . In these parameters, g
18
E denote the SU (3) electromagnetic terms induced by the different quark electric charge. There is a phase angle, noted by δ E , between electromagnetic and strong interaction. We can take the coupling constants of mass effect as real, and denote the coupling constants of electromagnetic effect with g i E = |g i E |e δE . Therefore there are eleven free parameters in the decays J/ψ → P V , they are g 8 ,
18 E |, δ E , θ P and θ V . For the sake of simplicity, we shall take the following four cases to analyze and discuss the properties of these parameters:
Case I: Assuming g
18 E = g E , and taking the mixing between φ and ω regard Table 1 The coupling constants and their corresponding strengths of J/ψ → P V .
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Coupling constants and thier corresponding strengths J/ψ→P V g8 g1 g 4th colu.
5th colu.
6th colu.
4th colu.
as idea mixing, i.e., θ V ≈ 35.3
• . In this case, there are only six parameters, they are g 8 , g 1 , g M , |g E |, δ E and θ P .
Case II: Assuming g
taking the mixing angle θ V regard as free. In this case, the parameters have seven which are g 8 , g 1 ,
Case III: Assuming the three parameters of mass effects aren't equal, and the three parameters of electromagnetic effects aren't equal, either, they are all free parameters, but taking θ V ≈ 35.3
• , then we shall have 10 parameters:
Case IV: Assuming the three parameters of mass effects aren't equal, and the three parameters of electromagnetic effects aren't equal, either, further taking the mixing angle θ V as free in the same, then all of the eleven parameters are free.
For the latter two cases, we have to request more experimental information to analyze them due to too many parameters.
The experimental results for the decays J/ψ → P V are mainly from Mark-III [11] , DM2 [12] and BES [13] - [14] , which are shown in Table 2 . The last column in this table is the latest world average in 2012 [1] . To clarify the results obtained from different data set, we divided them into three subsections to investigate the properties of the coupling constants of the decays J/ψ → P V .
A. Analysis of J/ψ → V P from MarkIII, DM2 and PDG2012 data in Case I First, we consider the simplest case, i.e., Case I. In Ref. [15] , the pseudoscalar mixing in J/ψ and ψ(2S) decays has been analyzed, which shows η favors only consist of light quarks and η ′ has a room for gluonium admixture. However, in this paper we shall only consider their quark content in order to analyze the properties of coupling constants from SU (3) breaking. The results of fit are given in Table 3 . From this table, we can obtain the following results: (i) the coupling constant of the octet strong interaction, g 8 , is about twice larger than that one of the singlet, g 1 ; (ii) the SU (3) breaking coupling constant from electromagnetic effect is large, about the same order of g 8 and g 1 , however, the SU (3) breaking coupling constant from mass effect is rather small, about smaller one order than those of g 8 and g 1 , moreover its uncertainty is also very large; (iii) the phase angle between strong and electromagnetic interaction is about 2 5 π; (iv) the mixing angle in η and η ′ , θ P , is about −20
• , which is consistent with the reasonable range −20
• ∼ −10
• [16] ; and (v) compared with the results of MarkIII and DM2 data, the goodness of fit to PDG2012 data is very large.
B. Analysis of J/ψ → V P from MarkIII, DM2 and PDG2012 data in Case II Next, we consider case II, i.e., ω − φ mixing angle is left as a free parameter. The results of fit are listed in Table 4 . From this table, we can see that, the results of this case is similarly those of Case I only, but the results of fit to MarkIII data, θ P = −15.2 ± 2.93 are obvious difference with those of Case I. The table also shows that the mixing in ω and φ is basically an idea mixing. Table 2 Branching fractions of J/ψ → V P from MarkIII, DM2, BES and PDG2012 (×10 −3 ). Table 3 Results of fit to MarkIII, DM2 and PDG2012 data in Case I. Finally, we consider the latter two cases. There are 10 and 11 free parameters in Case III and IV, respectively. Because each of the experimental results are not sufficient do a reasonable fit for 10 or 11 free parameters in these two cases, we try to figure out these free parameters by combining the data from the different collaborations. Such as for Case III, the results of fit from MarkIII + BES data can be written as 
we can see that, (i) the coupling constants of strong interaction, g 8 and g 1 , are basically consistent with those of Case I and Case II; (ii)the difference of three coupling constants of electromagnetic effect isn't obvious, but three coupling constants of mass effect have rather large difference, moreover their uncertainties are rather large; and (iii) the goodness of fit in this case is very large, it is a possible reason that we deal together with the data from the different collaborations. 
This case is similar to Case III, the difference of three coupling constants of electromagnetic effect isn't still obvious, three coupling constants of mass effect have rather large difference, and at the same time, the phase angle between strong and electromagnetic interaction is slightly large.
The results of fit from DM2+BES combination and MarkIII + DM2 combination, are similar to those of MarkIII + BES. Their numerical results aren't individually given out.
IV. CONCLUSIONS
Basing on the general phenomenological model, we have studied the properties of the coupling constants of the decays J/ψ → V P . Considering the experimental data of MarkIII, DM2 and BES collaborations and the world average in 2012 for J/ψ → V P decays, we can find that (i) the octet coupling constant of strong interaction g 8 is about twice larger than that of the singlet coupling constant g 1 ; (ii) the electromagnetic breaking terms g i E are larger, about the same order of g 8 and g 1 , the difference of three coupling constants g i E isn't obviously, then it is appropriate that we take them regard as equal in Case I and II; (iii) the SU (3) breaking coupling constant from mass effect is rather small, about one order smaller than those of g 8 and g 1 . Moreover its uncertainty is quite large. It is a very strong assumption that we take them regard as equal in Case I and II; (iv) the phase angle between strong and electromagnetic interaction is about the range of 70
• ∼ 80
• ; (v) the mixing angle in η and η ′ , θ P , is about the range of −15
• − −20
• , which is consistent with the reasonable range usually considered; (vi) the mixing angle θ V is about the rang of 35
• ∼ 37
• , it means the φ − ω mixing is basically an idea mixing. Therefore in the breaking of SU (3) favor symmetry, the electromagnetic effects are large, moreover the mass effects are comparatively small, which affords useful information to comprehend the breaking of SU (3) flavor symmetry.
